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Proposal Title: Do Structural Missense Variants In The ATM Gene Found In Women With Breast
Cancer Cause Breast Cancer in “Knock-in” Mouse Strains?

Introduction

The recessive neurological disease ataxia telangiectasia (A-T), which has pleiotrophic effects
including an increased susceptibility to cancer, is known to be caused by homozygous or compound
heterozygous mutations in the ATM gene. In a number of epidemiological studies of A-T families,
heterozygous carriers have been shown to be at increased risk of breast cancer. However, a number
of early studies of breast cancer patients in non-A-T families did not detect a significant number of
ATM truncating mutations. Our laboratory has conducted a case control analysis of 90 women with
state 1 or 2 breast cancer who were referred for adjuvant radiation therapy. We determined that
uncommon missense mutations, predominately at evolutionarily conserved amino acids, are
associated with a 3.2 fold relative risk of developing breast cancer in individuals with such mutations
relative to the breast cancer risk in normal population. From these data it is estimated that 13% of
breast cancer cases in the population are due to these types of ATM missense mutations. Most
disturbing is preliminary evidence that such individuals may harbor a much greater likelihood of
recurrence relative to those individuals without such mutations.

These result can perhaps be integrated by testing the following hypothesis: in heterozygotes,
truncating mutations causing total disruption of ATM function do not predispose to breast cancer,
whereas missense mutations that alter ATM function do predispose to breast cancer. Therefore,
increased risk of breast cancer in ataxia telangiectasia heterozygotes may be due to the missense
mutations in approximately 30% of patients. Preliminary data suggest that women with ATM-
mediated breast cancer have poor prognosis.

There is an overriding need to unequivocally determine the magnitude of breast cancer risk associate
with ATM missense mutations. A second, more robust, approach would involve the murine model of
the Atm locus, in which targeted mutations are introduced into the Atm gene to determine whether
certain missense variants (rather than truncating mutations causing total disruption of ATM function)
predispose to breast cancer in mice. The importance of the mouse model cannot be over-emphasized,
since mouse genes are similar to their human counterparts, serve the same purpose, and mutations
often mimic the corresponding human phenotype. The entire coding sequence of the mouse homolog
of the human ATM gene has been cloned, cytogenetically mapped, molecularly characterized and was
found to be remarkably similar to the human gene. Furthermore, mouse studies of the Atm locus
indicate that absence of Atm activity in heterozygotes produces an ataxia-telangiectasia phenotype,
whereas heterozygotes containing a small in-frame deletion for a mutant, but expressed, form of Atm
exhibit a greater susceptibility to breast cancer.

We propose an innovative and as yet untried series of experiments to construct and analyze selected
murine missense and truncating Atm mutations which, in combination with our ongoing human ATM
mutation studies, has the potential to clearly and cleanly demonstrate a major role of certain ATM
structural variants in the predisposition to breast cancer.



Body

Task 1. To construct two vectors containing specific missense variants found in the ATM gene of
breast cancer patients in a mouse Atm clone.
a. This work is being initiated before the start of this grant by inGenious Targeting
Laboratory (iTL).
b. A BAC library will be screened for mouse Atm clones.
¢. Two subclones will be isolated for the regions of interest.
d. Two knock-in targeting vectors containing the variants of interest will be constructed.

Task 2. To produce two mouse knock-in Atm lines. Production of the second line will be
staggered by about two months (Months 1-8).
a. Vector DNA will be transfected into 129/S6 embryonic stem (ES) cell lines and about
300 clones will be produced (Months 1-4).
b. Clones will be screened by Southern blotting to determine those that carry the targeted
mutation (Months 3-5).
c. Clones positive for the targeted mutation will be expanded and injected into C57BL/6
blastocysts to produce chimeras for germline transmission. Tail biopsies of mice
potentially heterozygous for the targeted mutation will be genotyped (Months 4-8).

Constructing the vectors has produced unanticipated challenges. -

After a false start with a commercial entity, we are generating the two vectors in house. Although
we are a technically oriented laboratory (see CV), we have not had previous experience in vector
construction. [ anticipate that Task 1 will be complete in two months and Task 2 will be
complete within six months. We are in the queue with the transgenic mouse core facility to inject
oocytes when the vectors are complete.

Meanwhile in relevant work not funded by this grant, we have generated more evidence in support
of the central hypothesis underlying the transgenic knock-in mice being created with these funds.

The current analysis expands upon case control epidemiological analyses of the ATM gene in
women with overwhelming Stage I or Stage II breast cancer vs. ethnically similar controls (Singh
et al.) Submitted

We find that women with cohort-specific ATM mutations have substantially poorer prognosis
than those who do not have ATM cohort specific structural variants.

The following is an abstract from our submitted publication.

Ataxia-Telangiectasia A-T is an autosomal recessive disorder characterized by progressive
cerebellar degeneration, telangiectasias, radiosensitivity, immunodeficiency, and a predisposition
to cancer development. Epidemiologic studies of families of A-T patients have demonstrated an
increased risk of breast cancer in females. Furthermore, in a recently reported series, we observed
a significant elevation of cohort-specific missense ATM mutations insufficient to cause A-T in 90
breast cancer patients as compared to ethnically matched controls.



We retrospectively reviewed the records of breast cancer cases for correlation with clinical
features including age at diagnosis, histology, tumor size, axillary nodal metastases, disease
control, acute toxicity of radiation therapy, and long-term sequelae. Freedom from relapse (FFR)
was determined by the method of Kaplan & Meier and analyzed by the generalized Wilkoxon test.

FFR was significantly shorter in patients with cohort-specific mutations in the ATM gene relative
to those without cohort-specific mutations (p = 0.0001). With the exception of cohort-specific
ATM mutations in women under 40, we found no significant differences in pre-treatment
characteristics or treatment related toxicity between patients with and without mutations.

In this retrospective correlation of cohort-specific mutations of the ATM gene, we observed a
negative prognosis. Larger studies are needed to conclusively determine if specific ATM
missense mutations predict a worse outcome in breast cancer,

Key Research Accomplishments

Construction of knock-in mice is in progress.

Reportable Outcomes

None in this first year.

Conclusion

Construction of the knock-in mice is in progress.

References
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and Sommer, S.8.: Anaphylactic response to factor IX replacement therapy in hemophilia B patients: complete gene
deletions confer the highest risk. Haemophilia 5(2):101-105, 1999.
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and Sommer, S.S.: A past mutation at isoleucine®®’ is now a common cause of moderate/mild hemophilia B. Br. J.
Haemat. 75;212-216, 1990,
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